Understanding the mechanisms involved in determining fish recruitment or year-class strength has long been a challenge in fisheries science. Although much progress has been made to isolate these mechanisms, many studies are site specific or species specific or both (Claramunt and Wahl 2000) . Yearclass strength is often determined during the early life stages in fish (Rice et al. 1987) due to the low percentage (<1%) of fish that survive past this stage (Chambers and Trippel 1997) . Despite much effort to identify overall patterns in recruitment within a species, few consistent patterns typically emerge. In some cases, patterns may be detected but are weak and typically provide little information of proximate or ultimate mechanisms relating to recruitment. Thus, broad landscape-type studies can provide insight as to which factors may be involved in the recruitment process, but they lack the resolution to identify when and how they are affecting the population.
Recruitment is most likely driven by a combination of the abiotic and biotic factors experienced at each stage of life, complicating the process of determining which factors are most responsible for structuring fish communities via recruitment. Interannual differences also mask patterns related to recruitment in fish populations, and those differences are difficult to detect with many statistical approaches. As a result, more information on the ultimate mechanisms limiting fish recruitment is imperative during the critical early life period, and more long-term in-depth studies are needed to acquire such information. Better understanding of processes involved in regulating first-year survival would provide managers the capability of predicting yearclass strength and allow them to initiate management efforts, such as adjusting angling regulations or stocking in years of expected low recruitment.
The recruitment of Yellow Perch Perca flavescens has been of importance to fisheries biologists due to the species' ecological value as prey for other species of fish and its economic importance as a highly sought after sport fish. Yellow Perch recruitment is often highly variable in many systems and is typified by strong, weak, or missing year-classes (Koonce et al. 1977; Newsome and Aalto 1987; Isermann et al. 2007 ). It is difficult to predict which years will result in a strong year-class without understanding essential mechanisms driving Yellow Perch recruitment. Recruitment variability in Yellow Perch has been explained predominantly by abiotic factors during early life stages. This recruitment pattern is most likely because Yellow Perch spawning typically occurs over a 5-11-d period (Isermann and Willis 2008) ; thus, eggs and young larvae could be subject to variable environmental conditions. These conditions include variations in wind, precipitation, and temperature (Clady and Hutchinson 1975; Clady 1976; Kallemeyn 1987; Pope et al. 1996; Ward et al. 2004) . High winds have the potential to sweep egg masses onto shore resulting in egg damage and potentially lower survival (Clady and Hutchinson 1975) . Improved larval survival has been related to years when spring temperatures are warmer and winds are less intense (Clady 1976) . In addition, recruitment may be enhanced in years with less variation in temperature and increased precipitation (Pope et al. 1996) . Thus, temperature, wind, and precipitation appear to influence Yellow Perch recruitment, but relative impacts by each variable may differ among water bodies (Ward et al. 2004) .
The interannual variation in larval Yellow Perch abundance is often not fully explained by climatological information across multiple systems or years at a coarse resolution (Pope et al. 1996; Ward et al. 2004; Longhenry et al. 2010) , which suggests the need to also consider biological mechanisms as potential limiting factors for recruitment. For example, prey availability and composition could also influence growth and survival during the larval stage. In systems predominated by cladocerans (as opposed to copepods), the increased handling time and lower digestive efficiencies associated with cladocerans could result in slower growth and ultimately lower survival of Yellow Perch less than 12 mm TL (Graeb et al. 2004 ). However, larval Yellow Perch growth and survival may increase during periods of high copepod densities (Graeb et al. 2004) . Differences in zooplankton community composition across systems can influence diet selection and survival of Yellow Perch, even in the context of equal total zooplankton density (Fulford et al. 2006) . Larval Yellow Perch may also be gape-limited initially after hatching, allowing only smaller zooplankton to be consumed (Bremigan et al. 2003) . However, most of the current evidence for biotic regulation of Yellow Perch recruitment at the larval stage has been obtained from laboratory or controlled experiments, extending the need to test these hypotheses with longterm, in-depth field studies.
Our current understanding of larval Yellow Perch recruitment identifies more abiotic than biotic factors, but the level of influence (e.g., strong or weak) for each may depend on the life stage examined and could be system specific (nullifying an attempt to reveal any unifying themes). Using existing studies, we developed three working hypotheses to (1) examine Yellow Perch survival patterns at two larval life stages: "young larvae" (5-14 d old) and "old larvae" (15-24 d old) and (2) identify the overarching mechanisms (abiotic versus biotic) related to their recruitment. We tested those hypotheses in Pelican Lake, Nebraska, via 9 years of sampling from 2004 to 2012. First, we hypothesized that the magnitude of influence for abiotic and biotic factors on larval Yellow Perch growth would differ between the young and old larval life stages, young larvae being regulated more by abiotic than biotic factors and the inverse being true for old larvae. Second, we expected larval Yellow Perch survival to primarily be related to abiotic factors. Finally, we anticipated that the overall recruitment of Yellow Perch from the larval to juvenile life stages would be largely influenced by abiotic factors rather than biotic factors.
Methods
Study area.-Pelican Lake is a 332-ha, shallow (mean depth = 1.3 m) natural lake in the Sandhills region of northcentral Nebraska within the Valentine National Wildlife Refuge (42° 31′ 37″ N, 100° 40′ 20″ W). Aquatic emergent vascular plant coverage, determined in late July 2009 via the methods of Paukert et al. (2002) , was 8.5% for reeds Phragmites spp., 15.5% for bulrushes Scirpus spp., and 7.0% for cattails Typha spp. The remaining portion of the lake was classified as submersed vegetation (9.9%) and open water (59.1%) devoid of vegetation Larval and postlarval age-0 sampling and aging.-Larval (<13 mm TL) and postlarval age-0 (≤25 mm TL) Yellow Perch length groups were defined and sampled every 10 d from April through June 2004-2012 during daylight hours. Larval and postlarval age-0 Yellow Perch densities were indexed using a surface trawl with a 0.76-m opening and 1-mm mesh (bar measure) towed in large ellipses. Trawl duration was approximately 2-5 min at an estimated speed of 1.75 m/s. The lake was divided into 16 quadrats; 10 quadrats were randomly selected and trawled on each occasion. The amount of water volume sampled was calculated using a flowmeter (Ocean Test Equipment, Inc.) mounted in the mouth of the trawl. All fishes were preserved in 70% ethanol and transported to the laboratory for identification to species (Auer 1982; Holland-Bartels et al. 1990 ), enumerated, and up to 200 randomly selected fish of each species per sample were measured (TL; mm).
We collected, measured (TL; mm), and aged a minimum of 30 larval Yellow Perch (or three from each quadrat sampled) from each sampling date each year (except when fewer than 30 larval Yellow Perch were collected). Aged larvae were randomly selected and closely mirrored the size structure of the larger sample for each sampling date. Four separate 10-d hatching cohorts (cohort 1 = April 14-23, cohort 2 = April 24 to May 3, cohort 3 = May 4-14, and cohort 4 = May 15-23) were developed that accounted for all larval Yellow Perch aged during 2004 through 2012. During any given year, not all 10-d hatching cohorts were represented due to differences in interannual hatching phenology. Sagittal otoliths of larval Yellow Perch were aged by two independent readers using a compound microscope, and daily age estimates were averaged if they were within 10% of each other (Santucci and Wahl 2003) . A third experienced reader was consulted if there was no agreement between readers, and the otolith was read in concert until consensus was reached. If all readers failed to reach an agreement the otolith was removed from the data set (9% were removed).
Independent variable field sampling.-To explain the patterns in Yellow Perch growth and mortality, independent variables encompassing four broad categories were sampled and used: physical (Ward et al. 2004) , competition (Post and Prankevicius 1987; Irwin et al. 2009 ), food availability (Mills et al. 1989) , and intrinsic (i.e., of or relating to processes within Yellow Perch larvae; Isermann and Willis 2008; Table 1 ). Independent variables were selected based on previous studies relating to Yellow Perch growth and mortality during the first year of life. Unless otherwise noted, samples for each independent variable were collected every 10 d from April to June from 10 (of 16 available) randomly selected lake quadrats during -2008 and five quadrats during 2009 (Kaemingk et al. 2011 .
We quantified phytoplankton biomass for each quadrat using chlorophyll a estimated from integrated water samples (two/quadrat) that were collected using a 2-m-long tube sampler. Samples were strained through glass microfiber filters (1 μm) in the field and extracted in the laboratory following the methods described by Lind (1985) . Temperature data were recorded hourly with a HOBO pendant data logger (Onset Computer Corporation, Bourne, Massachusetts 02532) placed near the bottom of the lake (Pelican Lake and other Sandhill lakes are very shallow and do not thermally stratify; McCarraher 1964). Water transparency was measured using a Secchi disk at each quadrat sampled.
Zooplankton were collected using the same 2-m-long tube sampler to sample phytoplankton (Rabeni 1996) . Two zooplankton samples were collected at each quadrat and filtered through a 65-μmmesh net, stored in 90% ethanol, and then processed separately. Zooplankton were enumerated and identified to genus, cladocerans being Bosmina, Ceriodaphnia, Chydorus, Daphnia and copepods being Cyclops, and Diaptomus, as well as copepod nauplii. Each sample was diluted with water to a measured volume of 30 mL. Three subsamples were taken with a 5-mL Hensen-Stempel pipette and placed in a Ward counting wheel. Zooplankters were enumerated within each subsample, and the total number of zooplankton of each taxon in a sample was calculated by dividing the number of organisms counted by the proportion of the sample volume processed. Density was calculated by dividing the number of zooplankters of each taxon by the volume of the water filtered with the tube sampler. Up to 20 individuals per taxon were measured (TL; 0.01 mm) from each sample, and taxon-specific, length-dryweight conversions were used to convert length to biomass (μg; Cummins and Wuycheck 1971; Dumont et al. 1979; McCauley and Kalff 1981; Culver et al. 1985; Lynch et al. 1986 ).
Analyses of growth and mortality rate.-Daily growth rates for larval Yellow Perch (mm/d) were estimated as (TL − 4.7)/age, where TL is the length (mm) at capture, 4.7 is the total length at hatch (mm; Heidinger and Kayes 1993; Kaemingk, unpublished data) , and age represents the age (d) posthatch. Powles and Warlen (1988) reported that the first growth increment occurred at 1-3 d posthatch for Yellow Perch, but most larvae exhibited initial growth increments 1 d posthatch in that study. Therefore, hatching date for individual Yellow Perch was calculated by adding 1 d to the growth increment count (Isermann and Willis 2008) . Two separate age-classes (young and old larvae) were defined to examine the effects of independent variables on growth because the factors influencing growth rate may differ as a function of age and size. Both young (5-14 d old) and old larvae (15-24 d old) were <13 mm TL. Larval Yellow Perch were then grouped and mean growth rates were calculated according to year (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) , date of collection (about 10-d intervals), hatching cohort (1-4), and age-class (young or old). A minimum of three individuals were required for each grouping for subsequent analyses (Kaemingk et al. 2014) . These groupings allowed growth to be examined for larval fishes that experienced similar lake conditions and thus allow further examination of factors (independent variables) that could explain growth patterns of young (endogenous-exogenous transitional feeding stage) and old larval Yellow Perch (Bunnell et al. 2003) . Analysis of covariance (Proc GLM, SAS Institute, Inc. 2003) was used to determine differences in growth rates across years for young or old larvae by examining how mean length varied as a function of age (covariate). The ANCOVA provided a more meaningful comparison of growth rates because it allowed multiple sizes of fish to be evaluated across cohorts despite potential differences in cohort mean lengths, as opposed to using growth rates that do not account for such differences. Post hoc year-wise comparisons were assessed using Tukey's Studentized range test. Significance for all analyses was set at α = 0.10 to guard against committing a type II error.
Larval Yellow Perch cohort hatching distributions were based on the subsample of 30 larval fish aged each sampling date and extrapolated to account for all fish sampled. Therefore, larval cohort hatching distributions were corrected (H i ) for each sampling date using the following formula (Kaemingk et al. 2014 ): H i = (N i /T) × A, where i represents the 10-d hatching cohort (1-4), N represents the total number of perch aged in cohort i, T represents the total number of perch aged, and A refers to the total number of Yellow Perch sampled. Mortality (Z) was estimated for each year using catch-curve analysis and represents the rate (i.e., slope) of decline in fish abundance over time (Ricker 1975) . We were unable to estimate mortality for each age-class due to insufficient sample sizes. Therefore, young and old larvae (across ages 8-21 d) were pooled to estimate mortality. Larval perch were typically (with the exception of 2005; Jolley et al. 2010) collected on multiple consecutive sampling occasions each year resulting in a bell-shaped larval abundance distribution (Jolley et al. 2010) , presumably from differences in egg hatching rates and larvae entering the limnetic zone followed by larval mortality or gear avoidance. A single sampling date was selected prior to or during peak hatching dates. The larval period can be short (in some years only a few weeks) and by selecting dates near peak hatching it allowed adequate numbers of fish to be included in the analysis while also minimizing other factors that may influence accurate mortality estimates (e.g., gear avoidance related to size, littoral habitat shift). Natural mortality rates were then calculated by regressing the natural logarithm of larval Yellow Perch abundances against 1-d age classes each year. The descending limb of the catch curve was used for all analyses. Mortality of larval perch was evaluated across years using an ANCOVA (Proc Reg, SAS Institute, Inc. 2003). Post hoc year-wise comparisons were assessed using Tukey's Studentized range test.
The independent variables used to explain growth and mortality patterns were selected from four broad categories (i.e., physical, competition, food availability, and intrinsic) and transformed when necessary to meet the assumptions required for each statistical analysis. Physical variables included water transparency, temperature, and phytoplankton (Table 1) . Competition variables included metrics relating to intraspecific competition for two size-classes of Yellow Perch in Pelican Lake (Table 1) . Two size-classes (larval and postlarval age-0) were evaluated for Yellow Perch because densities typically declined after 13 mm TL (suggesting either movement toward littoral habitats or mortality. However, postlarval age-0 perch were still captured at sizes ≤25 mm TL with the larval trawl, and these fish still consumed zooplankton (Jolley et al. 2010) ; thus, zooplankton availability may influence larval growth and survival . Food availability metrics included total zooplankton biomass that would be available for each ageclass, adjusted for gape size (G) using the following formula (Schael et al. 1991) : G = −0.597 + 0.159(TL), where length and gape are in millimeters. Therefore, all available zooplankton biomass (B a ; μg/L) within the gape size for each age-class was included in all analyses using the following formula (Bunnell et al. 2003) : B a = ∑ p i (A i )(B i ), where p i is the proportion of zooplankters in taxon i that are ≤G of larvae, A i refers to the total zooplankton abundance (number/L) for taxon i, and B i is the mean calculated biomass of zooplankters in taxon i that are ≤G of larvae. Therefore, zooplankton samples (i.e., biomass) collected during different stages and sizes of larval development could be adjusted appropriately for only available zooplankton biomass that could be readily consumed (i.e., not gape limited) by each larval age-class (Bunnell et al. 2003) . Similarly, preferred available zooplankton biomass consisting of appropriately sized cyclopoid copepods was also included for each age-class growth analysis (Bunnell et al. 2003; Graeb et al. 2004; Jolley et al. 2010) .Mean day of year hatch date was included as an intrinsic factor to explain growth and mortality rates, but larval growth rate (age-dependent) was solely related to mortality rate (Table 1) .
Measurements of each independent variable were averaged for each cohort and related to growth and mortality rates across sampling dates that corresponded to the duration each age-class of larval Yellow Perch experienced in the lake from hatch date until capture date. For example, independent variables were typically averaged across three sampling dates for young larvae and four dates for old larvae. An information-theoretic approach (Akaike's information criterion, AIC c ; Burnham and Anderson 2002) was used to examine the influence of each independent variable on daily growth rates and mortality rates for larval age classes. Akaike weights indicate the relative support for a model when compared with the set of candidate models (larger weights = more support). This approach allowed multiple models to be evaluated and related to larval growth and mortality rate rather than the traditional regression approach that selects only one model and ignores parsimony (Burnham and Anderson 2002) . The number of available independent variables (Table 1) used to predict cohort growth and larval mortality rates was reduced following this stepwise procedure for young and old larvae: (1) only one variable was retained when multiple variables were correlated (e.g., larval perch density versus postlarval age-0 perch density), thus minimizing multicollinearity among independent variables, (2) remaining variables were related to growth and mortality rates using Pearson's product-moment correlation coefficient, and (3) the strongest relationship (r and P-value) between growth and mortality rate and one independent variable from each broad category (physical, competition, food availability, intrinsic) was selected for subsequent post hoc model selection (Kaemingk et al. 2014 ). Thus, candidate models included only one independent variable from each broad category (physical, competition, food availability, intrinsic), representing a range of simple and complex models (N = 14) used to explain growth and mortality rates. Models with delta AIC c (Δ i ) scores of ≤2 were considered to provide substantial support for explaining patterns relating to larval Yellow Perch growth (Burnham and Anderson 2002) . Additionally, the proportion of variance explained (r 2 ) for each model was also included to evaluate each model.
Results

Growth Rate
The mean growth rates of young (5-14 d old) larval Yellow Perch ranged from 0.09 (cohort 1 of 2008) to 0.50 mm/d (cohort 4 of 2011; Figure 1 ). Growth rates differed across years for young larvae (ANCOVA: F 9, 52 = 20.94, P < 0.01). Growth rates were generally greater for young larvae during , 2006 , 2009 , and 2011 than in 2005 , 2007 , 2008 .Growth rates also differed across years for old larvae (ANCOVA: F 8, 53 = 10.24, P < 0.01). The growth rates of old larvae were generally lower in 2006, 2008, and 2010 than in 2004, 2007, 2009, 2011, and 2012 (no old larvae were collected in 2005). Thus, across both larval age-classes growth rates were slower in 2008 and 2010 than in all of the other years examined.
The most supported model used to predict young larval Yellow Perch growth included temperature and hatch date (Table 2 ). Both variables were positively related to young larval growth rates (Figure 2) . Hatch date alone also provided substantial support for explaining growth rates of young larvae (Table 2 ). Old larval Yellow Perch growth rates were most related to temperature, postlarval age-0 Yellow Perch density, and preferred zooplankton biomass (Table 3) . Interestingly, larval growth rates were positively related to Yellow Perch postlarval age-0 densities and negatively related to available preferred zooplankton biomass (Figure 3) . However, the growth rates of old larvae were positively related to water temperature. Other models evaluated received minimal support for explaining patterns in old larvae growth (excluding 2005). Table 2 . Akaike information criterion rankings of post hoc models to explain the growth of young (5-14 d old) larval Yellow Perch from Pelican Lake during 2004-2012 (N = 20 cohorts) . Results include the number of parameters (K), the Akaike criterion corrected for small-sample bias (AIC c ), the differences in AIC c from that of the best model (Δ i ), Akaike weights (w i ), and the proportion of variance explained (r 2 ). Abbreviations for the independent variables are as follows: TP = water temperature, YEPL = larval Yellow Perch density, PZP = preferred zooplankton biomass, and HD = hatch date. 
Model
Mortality Rate
Mortality ranged from 0.15 (2007) Jolley et al. 2010) , precluding the estimation of mortality. Mortality differed across years for larvae in Pelican Lake (ANCOVA: F 8, 41 = 24.26, P < 0.01; Figure 4) . Overall, mortality for larval Yellow Perch was greater in 2006 than in all of the other years examined. In addition, mortality experienced during 2010 was greater than in 2007, 2008, 2009, 2011, and 2012 . Among all models evaluated, total available zooplankton biomass, followed by water temperature, provided the most support to explain larval mortality patterns in Pelican Lake (Table 4) . Larval mortality was inversely related to total available zooplankton biomass and water temperature ( Figure 5 ).
Discussion
The growth and survival of larval Yellow Perch in Pelican Lake appear to be primarily regulated by temperature, hatch date, and prey availability. We found many similar relationships in previous studies, despite inherent differences in lake size and morphology (e.g., Laurentian Great Lakes, Oneida Lake, South Dakota glacial lakes, and Canadian systems). Our results support the existing hypothesis that Yellow Perch recruitment at the young larval stage (i.e., 5-14 d old) is primarily driven by abiotic factors (i.e., primarily temperature), but our study extends our understanding to potential biotic controls during the old larval stage (i.e., 15-24 d old). Previous research on Yellow Perch recruitment identified potential abiotic factors involved in the recruitment process at the landscape scale, but patterns were not consistent across all systems suggesting that other (biotic) factors may be influential (Pope et al. 1996; Ward et al. 2004) .We observed that temperature and hatch date were important to young larval growth, while temperature and zooplankton availability were important for old larval growth. Consequently, Yellow Perch larval recruitment is regulated by all three factors that interact across development stages, temperature having the greatest influence (important for growth and mortality), followed by hatch date and zooplankton abundance ( Figure 6 ). Young larval growth was related to hatch date and water temperature. In many cases, hatch date and water temperature are related. However, we did not find a strong relationship between these two variables in our study most likely because of unpredictable weather patterns that transpire during Yellow Perch spawning. Cold fronts can occur throughout a typical Yellow Perch spawning season (Isermann and Willis 2008; Jolley et al. 2010; VanDeHey et al. 2013) . Inconsistences or acute reductions in temperature (i.e., cold fronts) have been implied to adversely influence Yellow Perch growth, survival, behavior, and subsequent recruitment (Clady 1976; Pope et al. 1996; Ward et al. 2004; Longhenry et al. 2010; VanDeHey et al. 2013) . Generally, water temperatures will be most optimal for spawning and early larval development later in the spring rather than earlier, as identified in our study. Previous studies have also found temperature to be important during the young larval life stage (Hokanson and Kleiner 1974; Clady 1976; Cucin and Faber 1985) . Similar to other studies, we support the hypothesis that initial larval Yellow Perch growth is regulated more by abiotic factors than by biotic factors. Yellow Perch growth at the old larval life stage was primarily influenced by temperature, zooplankton abundance, and postlarval age-0 Yellow Perch (≤25 mm TL) densities. Larval growth at this life stage was fastest during warmer water temperatures, high postlarval age-0 Yellow Perch densities, and low total zooplankton biomass. We infer that this pattern is indicative of larval Yellow Perch grazing capabilities on available zooplankton (Mills and Forney 1983; Wu and Culver 1994; ). Optimal water temperatures experienced during the early larval stage could increase larval survival to the late larval stage and result in higher larval Yellow Perch densities. Higher larval densities that coincide with warmer temperatures could result in increased metabolic demands, subsequently reducing the zooplankton population through direct consumption and ultimately resulting in faster growth rates (Mills and Forney 1981; Post 1990) . Several other studies that assessed fish populations and their ability to regulate zooplankton production through direct predation had findings similar to ours (Mills and Forney 1981; Whiteside 1988; ). Most previous studies identified temperature as the most influential component to explain patterns in old larval or postlarval age-0 Yellow Perch growth (Mills et al. 1989; Power and van den Heuvel 1999 ), but we also identified the potential influence of intraspecific competition and food availability (Sanderson et al. 1999; Irwin et al. 2009 ).
The mortality of larval Yellow Perch in Pelican Lake during 2004-2012 was most strongly linked to the total available zooplankton biomass. During years with low prey availability, larval mortality was high; larval mortality was lowest during years with the greatest amount of zooplankton available. The pattern observed for old larval growth may provide insight relating to the mechanism involved with mortality. High larval Yellow Perch densities may result in reduced zooplankton abundance (via direct consumption) that could translate into starvation or inadequate prey densities required to meet energetic and maintenance metabolic demands. Jolley et al. (2010) identified a temporal match in peak preferred prey abundances and peak larval Yellow Perch abundances, indicating that food availability was adequate during peak larval Yellow Perch abundances in Pelican Lake, as we found in our study.
Larval Yellow Perch may have caused the decline in zooplankton, and although densities were adequate during initial arrival in the limnetic zone and favorable for growth (as observed during the old larval stage), these resources could have declined soon after larval perch arrival. Kaemingk et al. (2011) further explored spatial differences and potential match-mismatches in larval Yellow Perch and prey densities caused by wind events. Little evidence for mismatches was found, but the authors noted that prey densities could be low enough to cause decreased growth and increased mortality for larval fishes during the limnetic life stage. Furthermore, bioenergetics modeling paired with diet information suggested that perch were capable of depleting important zooplankton resources via consumption in Pelican Lake during . Growth and mortality for larval and juvenile Bluegills Lepomis macrochirus in Pelican Lake were also strongly linked to zooplankton abundance and availability, despite the difficulty in detecting these patterns in field studies (Kaemingk et al. 2014) .
In addition to prey availability, we found that water temperature was strongly linked to the mortality patterns of Yellow Perch. Warmer water temperatures experienced during the larval life stage resulted in lower mortality rates. During 2005, only young larval perch were collected on one sampling date that coincided with a cold front (Jolley 2009; VanDeHey et al. 2013) , and we documented a subsequent year-class failure. All larvae collected in 2005 had empty stomachs (Jolley et al. 2010) , and no individuals were collected in subsequent juvenile sampling. Larval growth is strongly linked to temperature, but mortality could also be just as influenced by temperature. VanDeHey et al. (2013) experimentally demonstrated little evidence for direct Yellow Perch mortality caused by cold fronts but identified a consistent behavioral effect (swimming ceased and larvae settled to the bottom of the tank) that could lead to mortality through starvation or other unfavorable environmental conditions. We conclude that temperature could be the single most important variable involved in the Yellow Perch recruitment process because of its influence on growth during both larval life stages and ultimately on mortality. Temperature has broad implications and effects for both starvation (i.e., productivity) and predation (i.e., growth, gape-limitation, and avoidance). Additionally, hatch date could directly or indirectly influence starvation and predation pressure through variations in temperature regimes. This could also explain why most studies (both broad and in depth) have identified temperature to be important for Yellow Perch growth and survival during the first year of life (Clady 1976; Henderson and Nepszy 1988; Post et al. 1990; Pope et al. 1996; Power and van den Heuvel 1999; Ward et al. 2004; Longhenry et al. 2010) .
Our long-term, in-depth study provided additional support for abiotic regulation of Yellow Perch growth and survival at the larval stage, but more importantly, it highlighted the fact that biotic factors may influence the recruitment process if abiotic conditions are favorable for growth and survival. This additional information could assist biologists who need to understand existing, unexplained variation in Yellow Perch year-class strength. Provisionally, it could also help explain interspecific interactions with other fish species that occupy similar trophic niches, such as Bluegills (Kaemingk et al. , 2014 . If temperature is the primary regulating factor for successful Yellow Perch reproduction and subsequent recruitment, long-term changes in climate may have profound influences on Yellow Perch populations across their native range (Shuter and Post 1990) . Future studies will undoubtedly need to examine Yellow Perch recruitment using a fine-scale approach to provide the essential information required to gain a more refined understanding of this complex process. Our study identified biotic controls that would be difficult to detect using a broad-scale approach. Therefore, laboratory, in situ experiments or field experiments similar to ours may be required to illuminate complex processes, such as recruitment in fishes.
